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PROGRESS REPORT ON
NATIONAL HYDRAULIC LABORATORY

Provipexce, R. 1., February 24, 1931.

Hon. Joserr E. RaNsDELL,
Hon. FeLix HeBERrT,
United States Senators,
Senate Office Building, Washington, D. C.

GENTLEMEN: I appreciate your interest and desire to learn of prog-
ress of the national hydraulic laboratory, for which a few months ago
Congress appropriated $350,000.

Much progress has been made by the staff of the Bureau of Stand-
ards in preparing plans, which it was hoped would be ready to submit
to contractors for bids early in March, but I regret to report that these
plans, so far as developed up to a few days ago, will not gie a labora-
tory that can fulfill the promises which I made in the various hearings
before Congress from 1922 to 1929, about useful large-scale funda-
mental research for improving the economy and accuracy of measure-
ments of water by weirs, orifices, etc., nor has adequate provision yet
been made for fundamental research concerning the hydraulic laws
governing the flow of water in channels of various shapes at various
velocities and slopes.

The Bureau’s plans now nearing completion will nevertheless pro-
vide a laboratory in which a vast amount of useful work can be done,
covering perhaps nine-tenths of the problems likely to be presented,
and will give a laboratory generally comparable in scope with the
best existing laboratories in Europe and America, excepting one or
two of the recent European laboratories, notably the new laboratory
at Obernach, near Munich, to which it probably will be decidedly in-
ferior in precision of measurement for large-scale work.

This Obernach laboratory was promoted by some of the foremost
European engineers, largely for testing out scale effect and for testing
the accuracy with which the so-called doctrine of similitude, as used
in experiments with extremely small models will be confirmed by
experiments on much larger models, or with the behavior of the actual
hydraulic structure.

These European hydraulic laboratories have each cost very much
less than the sum provided for building this American national
laboratory, but each has had the great advantage of being designed
by an engineer of large practical experience. They have been
graduallv developed step by step during the past 20 years. The
vast majority of researches on flow of water by means of models and
the doctrine of hydraulic similitudes are best tried out in their pre-
liminary stages with discharge of water seldom exceeding 5 cubic
feet of water per second. The laboratory proposed by the Bureau
staff can handle up to 250 cubic feet per second or double that in any
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2 NATIONAL HYDRAULIC LABORATORY

of the European laboratories, but apparently will fail in precision of
measurement of large quantities, and in opportunity for fundamental
research in general fiields of great importance to the designers of
large hydraulic works

By a skillful use of the congressional appropriation of $350,000, it
was entirely possible to have had here in Washington a national
hydraulic laboratory not equaled by any now in existence anywhere
in the world, in its scope both for ordinary small-scale researches and
for large-scale researches in which flows of water up to 500 cubic feet
per second could be measured with a degree of accuracy heretofore
unequaled (viz, with errors of measurement not exceeding about one-
tenth of 1 per cent), and many determinations made of hydraulic
coefficients in formulas for measuring the flow of water so accurately
that once made they would serve all practical needs for a hundred
years to come.

Such large-scale experiments are highly important to American
public service engineering, as a means of developing and testing
improved forms of water-measurement weirs, for promoting better
forms of baffle piers and other means of dissipating destructive energy
of current at the foot of high over-fall dams and spillways, and as a
means for devising better forms of sluiceways, more effective syphon
spillways, and for developing standard economic methods of riprap
for preventing the erosion of earthen river banks by swift currents.

Also, it was highly important, and was possible within this appro-
priation, to design this laboratory of such scale and scope as to
permit much needed determinations of the effect of turbulence and
of twisting currents upon measurements of the flow of water by weirs,
current meters, Venturi meters, Pitot tubes, and other instruments,
by means of experiments on such a large scale as to command the
confidence of practical engineers to much greater degree than the
small-scale determinations heretofore made.

But, as I have said above, this great opportunity has been sacri-
ficed, apparently through lack of experience of the members of the
Bureau staff to whom this problem of design was assigned, and who
had no backeround of practical experience either in large engineering
design, or in the special problems of design for controlling or measuring
large volumes of water. The problem of designing this laboratory
was intrusted to skillful physicists rather than to experienced and skillful
engineers.

Substantially every one of the great hydraulic laboratories of
Europe, which for 10 years past have been contributing so greatly
to the advance of engineering knowledge, has been designed chiefly by
an eminent engineer of mature age, who had a background of & or 10
years or more of engineering experience on large and important work,
and so brought to his designing of the laboratory a highly valuable
experience. Also it is worthy of note that the great contributions to
the science and practice of hydraulics in America have been by
engineers of large practical experience, like the late James B. Francis,
Clemens Herschel, of Venturi Meter fame, and various other engineers,
including those of the United States Reclamation Service, the hydro-
graphic branch of the United States Geological Survey, and certain
enterprising engineers of the United States Department of Agricul-
ture, and other branches, and not by mathematical physicists.
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Senator Ransdell will so well remember my many earnest confer-
ences with him on these matters during the past eight years that he
may wonder why I have been unable to successfully advise our
friends of the Bureau toward making a better use of the appropriation.
I must beg him to remember that the Director of the Bureau of
Standards and his staff have the sole authority over the design, and
that they naturally have pride of opinion in their own capacity and
skill for meeting any conceivable requirement for scientific research.
The laboratory will be more of a physicists’ design than that of a
design by engineers experienced in hydraulic construction.

In my more than a half century of engineering, largely on hydraulic
problems of great magnitude, I have also happened to have an un-
commonly large experience with problems of hydraulic experiment in
various laboratories. For more than 20 years I have been deeply
interested in hydraulic research, and have made three extended tours
for study of the hydraulic laboratories of Europe and have personally
visited most of the notable laboratories in America. The results of a
part of these studies are set forth in the large volume which you
possess, copies of which were given to a large number of your asso-
ciates in Congress, entitled ‘“Hydraulic Laboratory Practice.” Also
I have helped 10 or more American engineers to study in these labo-
ratories abroad through the endowment of traveling scholarships
each giving sufficient stipend for a year of study and travel abroad.
Last summer, at my own expense, I made another tour of the Euro-
pean hydraulic laboratories, mainly for the purpose of learning of the
very latest developments, and for aiding in the design of this national
hydraulic laboratory at the Bureau of Standards.

I have tried in every reasonable way, as was stated in my letter to
Senator Ransdell of June 24, 1930, to make my information available
to the Bureau staff, but, although I have been treated with great
politeness, I have been unable to bring them to understand the prac-
tical needs of various highly important features of the design.

In my letter of June 24, 1930, to Senator Ransdell, Secretary La-
mont, and Director Burgess (which was published as Senate Docu-
ment No. 208) I tried to make plainsome of these matters. Iam pleased
to state that the later drawings for the laboratory by the Bureau staft,
by whom four successive studies have been made by them, show vast
improvement compared with their first sketches, which I mentioned
in the communication just cited, and over which I was so greatly
disturbed. But these Bureau designs still fall far short of what might
be possible in scope and precision under this appropriation of $350,000,
and after repeated conferences I am now on the point of making no
further effort toward improving the design of this laboratory.

To show how hard I have tried to aid in making this national
laboratory the very best in the world, I may state that in the prepara-
tion of various sets of drawings that I have presented to the Bureau
staff, I have personally expended in pay rolls to assistant engineers
and draftsmen, nearly $6,000, exclusive of office overhead and ex-
clusive of my own time and traveling expenses, which time would have
been of much value to me if otherwise applied.

I attach hereto a set of drawings and estimates of cost showing
my latest and final effort, in a design which I am confident could be
built within the appropriation and fit this laboratory both for the
ordinary small-scale work, and for the large-scale fundamental
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research that is highly important to engineers in the Government
services of reclamation, flood control, and river and harbor engineer-
ing, and also to engineers engaged in large problems of water supply
and water power development. The attached estimates of cost were
made up with extreme care in conference with the chief estimator of
The Turner Construction Co., which built two of the most recent large
buildings at the Bureau of Standards, and include allowance in the
umit cost for contractor’s profit. 'The total, which is slightly less than
the appropriation of $350,000 made by Congress, thus covers the
price at which one of the foremost building contractors in the United
States is ready to bid for the completed building. Mr. Turner states
that probably the contracts could be now placed at a smaller total
cost than this estimate, because of the present business depression and
the desire of various large contractors to maintain their organizations
together at sacrifice of ordinary rates of profit.

I attach also a copy of my letter dated February 20, 1931, trans-
mitting these designs to Doctor Burgess, which may interest you and
some of your associates in the Senate and House, who made this
appropriation of $350,000 available.

Following the letter to Doctor Burgess is a comparison of my plans
with the most recent Bureau. plans, which comparison I presented to
him along with these final designs.

If the laboratory fails in some important respects to produce the
results promised in the various congressional hearings, I hope that
the documents which I now present will nevertheless permit you to
still think kindly of my own efforts and good intentions. It may be
well to explain that some of the features which are of highest im-
portance, like the large measuring basin, the large forebay, the pump
seats, and the main flumes, have to be built into the very foundations
of the original structure and can not be properly added later. The
pumps for producing the largest rates of discharge can advantageously
be added a year or more later after previous research upon small model
pumps for the purpose of perfecting the final design and so making
of these large pumps instruments of research, useful for future designs
in large drainage works.

Very truly yours,
Joun R. FREEMAN.

[Copy]
FEBrUARY 21, 1931.
Dr. George K. BURGESsS,
Director Bureau of Standards,
Washington, D. C.

Dzrar Doctor Burcess: I am extremely sorry to have been pre-
vented by illness from attending the conference with you which I had
intended to have on January 27. I had my Pullman space and trans-
portation all engaged Monday, but ventured a visit to my doctor,
who sent me to bed for two weeks of intensive rest cure. The reason
I missed my conference with you in New York, at the American
Society of Civil Engineers, on January 21, was that after listening to
your paper and two ov three others, I found myself ‘““all in,” and
went back to my hotel and to bed, in order to recuperate for the
evening ordeal, in which T was on the schedule for a conspicuous part.
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This detention by illness, the longest that I have suffered in 50 years,
upset my plans seriously, and, although I have been at the office
for several days past, am not yet back to 100 per cent efficiency.

I now intend coming to Washington some time next week, for I
still have hopes of making plain to you that the laboratory as pro-
posed by Mr. Eaton can not possibly fulfill the promises made to
Congress about fundamental research. The chief defect of the
Bureau’s design is the small size of its measuring basin, which will
prevent making important research with fairly large discharges
on @ cubic-foot basis of direct measurement and with a precision close
to one-tenth of 1 per cent.

Mzr. Eaton has been relying largely on the Venturi meters, for
basic measurements, but this will not command the confidence of
those who know the possibility of error in Venturi measurements
due to air bubbles, twisting of the current, and lack of precision
in piezometer readings, particularly with relatively small quantities
flowing.

An important defect in nearly all the European laboratories, except
that at Obernach, including the costly new laboratory at Zurich, is
this inability to positively measure large quantities with precision.
Moreover, I hoped that our American laboratory might excel all now
in existence in Europe and in America by its ability to make much
needed fundamental research on weirs, dams, orifices, and channel
flow, with large quantities and « precision of measurement never yet
equalled.

My designs are worked out with this feature in view and with the
idea of fully meeting the promises made in the hearings before Congress.

I regret that somehow in examining my designs your attention
became chiefly focused on the large discharge proposed of 500 cubic
feet per second instead of on the far more important feature of precise
measurement of large quantities in @ measuring basin with the aid of
a quick moving diverting gate, which I am sure is entirely feasible
from having used one in smaller-scale research. The quickly moving
chronograph gate and the big measuring basin are fundamental
requirements which have to be built into the original structure and its
foundations. The pump for very large quantities can preferably be
added later, after we have had some researches with model pumps,
similar to the two set-ups that I saw in Europe last summer, one at
Munich and another at Toulouse.

You may wonder at my earnestness in all of this, but I have been
working on these ideas for more than 25 years and believe that now or
never is the chance for a national hydraulic laboratory which can do
things beyond the research of the many college laboratories and most
of those in Europe, but which also can do the ordinary run of
researches, which occupy most of the time of existing laboratories,
with facilities not now excelled anywhere on earth.

The most eminent laboratory directors, like De Thierry, Rehbock,
and Thoma have repeatedly urged on my attention that for the best
routine work the laboratory should have abundant open floor space
on which temporary set-ups of apparatus designed to meet the special
problem can be conveniently erected and removed after the research
is completed. In addition to the big flume, the big measuring basin,
for facilities for precise measurement of large discharge, I have
provided for both the small scale and the large scale research.




NATIONAL HYDRAULIC LABORATORY

While at home ill I gave much thought to these matters and
immediately upon returning to my office started Mr. Chick, at revising
the drawings, so as to incorporate several improvements which both
increased the capacity and lessened the cost, and T am now sending to
you blue prints of this my final design marked “Study No. 4.”

Many of the component parts, skimmer weir, diverting gate,
forebay and forebay gate, also the special reinforcement of concrete
will have the same details as shown in my previous set of about 27
sheets of blue prints.

Costs: On the basis of the unit costs in the Turner estimate,
and while providing the same quality of construction shown in my
latest previous design, including superabundant steel reinforcement
of the concrete against temperature stresses and other stresses, and for
preserving alignment and preventing distortion and settlement
cracks, Mr. Chick, after carefully and precisely computing quan-
tities, estimates a cost of buildings and fixed equipment, including
contractor’s profit at $289,480. Substantially the same items were
previously estimated at $306,303, showing a saving of about $16,823
by simplification of design as per photostat of detailed estimate
inclosed.

We find also that everything needed in portable apparatus to put the
laboratory into immediate operative condition for four or five re-
searches of the ordinary type going on simultaneously can be provided
for the further sum of $59,812. This brings the total cost slightly
within the congressional appropriation of $3560,000.

Limestone finish: The preceding figures coming very closely to
$350,000 for my design do not include limestone finish. We judge
after allowing for the extent of the basement walls which are covered
by a banking up of earth to avoid temperature stresses and also to
give support, that a suitable amount of limestone trim, including
parapet, window sills, and water-table course at the bottom, should
not add more than $5,000, after deducting $4,150, which we have
allowed for special concrete coloring and including window sills,
window caps, etc. 'This extra $5,000 will be covered by the contingen-
cies provided for in the following paragraphs.

For contingencies: As a safeguard for contingencies there can be
held in reserve the cost of the propeller pump of 250 or 300 cubic
feet per second discharge capacity, amounting to $12,000, which
pump can be advantageously deferred for a year, pending research
on a small model of same.

Moreover, parts of portable equipment, self-contained apparatus.
etc., can be added gradually as cause for research develops, amounting
to a total of about $15,000, which can, as you once suggested to me,
be paid for from the first six months’ appropriation for maintenance
and operation. This gives a margin for contingencies of about
$27,000, although I believe these contingencies will probably not arise.

Foundations.—I still maintain (and I am no novice in difficult
foundations—for example, the Panama locks at Gatun, the dam site
of rock broken by intersecting fault zones at Holter, Mont.; the dam
site on possibly yielding foundations at San Pablo, Calif., etc., and
from all that I have yet been able to learn about the underground
conditions at the laboratory site, and from conferences with Doctor
Stratton about foundations for your existing buildings) I believe the
laboratory can be made safer against settlement cracks and distortion
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by practically tloating the whole mass of the heavily reinforced founda-
tion walls upon the decomposed rock on the levels which I have
shown, than can be done by carrying detached foundation piers down
to the so-called solid rock, which is not at all solid.

I am so confident that the whole laboratory could be completed
according to my designs herewith submitted, with pumps upward of 250
cubic feet per second capacity, with sttachments planned for future
large pumps giving a total discharge capacity of 500 or perhaps 600
cubic feet per second, that I would be entirely willing to personally
deposit the sum of $50,000 with the National Research Council, or
other appropriate place, from which could be taken any sum found
necessary to cover the over run or any sum necessary for repairs due
to settlement cracks which occur within the next two years. I should
make this deposit with the utmost confidence that it would not be
called on for a single dollar, either for overrun or for repairs. Should
loss occur I would take it cheerfully. It would simply be deducted
from further contribution which I have been long intending to make
for the advancement of hydraulic science.

I regret that in my personal conferences I have failed to make clear
the purposes of design, and regret exceedingly that so much attention
was given to the figure of 500 cubic feet per second of pump capacity,
because this matter of pump capacity is of no significance whatever vn
comparison with the necessity for a large measuring basin of substan-
tially the size that I have indicated, fitted with a quick swinging gate,
so that the error of measurement may rarely, if ever, greatly exceed one-
tenth of 1 per cent.

American services of water supply, flood control, and power develop-
ment greatly need some precise, large-scale researches relative to flood
discharge over dams, also discharges through orifices, and the determi-
nation of coefficients for new forms of water-measuring weirs and for
determining coefficients of discharge of existing dams used for gaging
flood discharge. Researches are needed for gate designs giving the
least loss of head, also in baffle piers attached to the downstream
face of dams for dissipating energy and preventing erosion, as well as
for the effect of disturbance and turbulence in causing errors in
measurement of discharge. I have provided for all of these in my
designs.

The precision of measurement of large quantities (up to even 500
cubic feet per second) is the very essence of my design, and of its pur-
pose to permit new determinations of weir coefficients and new
forms of weir that should have world-wide acceptance for a century
to come, and immediately be of great practical wvalue to hydraulic
engineers engaged on large projects.

The opportunity for fundamental research of this scope and quality
of research would immediately stamp this laboratory as without a
superior or equal in the world, and in my judgment, such fundamental
research is of far greater importance to the greater Federal services
than the mere ability to duplicate the small-scale researches such as
are within the capacity of many existing laboratories.

Attached hereto are photostats of detailed estimates of cost, referred
to above.

Since the inclosed sheets of blue prints include no elevations, it may
be well to make plain that the estimates attached hereto comprise

42509—31——2
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pediment, bridge, grading, and ornamental architectural accessories
included in my previous estimates.

I inclose several sheets of comparisons of capacity, ete., which
clearly demonstrate the superiority of the Freeman design, particularly
considering that its cost will be no greater than that the Bureau de-
sign of February 4, 1931. Probably it will be much less.

Very truly yours, #
JouN R. FrREEMAN,

ArpENDIX No. 1

Estimate of quantities and cost for consirucling national hydraulic laboratory at
Bureau of Standards, Washington, D. C.

[Estimate by A. C. Chick, based upon revised plans by John R. Freeman, as of February 14, 1931, and unit
prices mostly submitted by Turner Construction Co., of Philadelphia, as of December 31, 1930. This
estimate of quantities has been determined independently of that of December 31, 1930]

Estimated

Ttem Quantity Unit Unit cost total cost

General contractor

. Concrete (liberal estimate; walls made exceptionally | 176,803 | Cubic foot....! $0.251 | $44,378.00
thick to prevent serious deflection and to aid in
securing water-tightness).

. Reinforcement steel (reinforcement computed to take | 629,137 | Pounds._..... .330 | 20,762.00
load stresses on basis of 16,000 pounds per square
inch; ratio of steel to concrete, for resisting shrink-
age and temperature stresses, hasin all cases been
taken at or greater than 0.005 volumetric basis, in
walls, in excess of that required to take load stresses,
with provision for contraction joints not over 50
feet apart). i

. Floor finish (dusted on) | Square foot.....

Forms:
Wood—
(a) Footings
(b) Floorslabs._____
(c) Floors on steel-_.
(d) Walls (double) __
(e) Walls (curved)
(f) Stairs
(g) Sills and coping
(h) Water table and belt____
Metal—(a) Interior walls of main and return flumes._

. Integral waterproofing: None provided. Allowance
has been made for using a higher grade of concrete
with extra quantity of cement, which is deemed
a better guarantee of water-tighness than the use of
integral waterproofing compounds.

. Special coloring of concrete trim to match Indiana
limestone used on some of the other buildings at
the Bureau of Standards. This includes special |
selection of aggregate. [

- Exterior finish of concrete wall surfaces (including | 5,130 5 309. 00
rustication). |

. Interior concrete finish (pointing walls and ceilings)_._| 126, 210 : 2, 524. 60

. Interior finish of main and return flumes (pointed, | 12,370 A 742. 60
carborundum rubbed, and smoothly surfaced).

19. Brickwork:

132 x 9, 240. 00
di 2 A 7,896. 00

do A 840. 00
50 | Thousand feet-| 30. 1, 500. 00

e 918 | Square foot.-- .75 1, 606. 00
3. Roof plank (2-inch) 2, 200 d ¢ 352. 00
. Bridge and walkway (main entrance, 380 £ 570. 00

. Leveling___ : 500. 00

5. Hardware . . 450. 00
7 628. 00

128, 111. 00
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Estimate of quantities and cost for comstructing mational hydraulic laboratory at
Bureau of Standards, Washington, D. C.—Continued

. o e Estimated
Ttem Quantity J Unit cost total cost

Subcontractor

. Clearing site $500. 00

. Excavation

. Backfill and rough grading

. Metal column forms (rented)

. Structural steel, including paint

. Structural steel (beams and plate) for propelle: pump
chamber.

. Structural steel—forebay X 8, 500. 00

. Structural steel in tie across outlet of forebay, includ- 5 4, 600. 00
ing vertical girders, anchor rods, steel plate lining
for water passages, etc.

. Steel stairs x Square foot_._. 7 2,328. 00

. Iron-pipe rail, 1}4-inch. Linear foot-.-- & 1,038. 00

. Iron ladders 50 5.0

. Steel commercial projected sash__. 3 Square foot - - -

. Metal toilet partitions 8

. Wood and glass partitions. L Square foot - - -

. Toilet walls (8-inch brick) 18.5 | Thousand

. Plastering (Defer).

. Roofing (tar and gravel, 20-year) . Square foot- - -

. Flashing 900 | Linear foot....

. Painting (wood and iron only) - , 7 Square foot-_ -

. Glazing

. Plumbing (fixtures in place only)

Hot and cold water (piping and hot water supply) R

. Ground-water tile drains

. Cast-iron drains:
(a) Inside building—

. Tile drain pipe:
12-inch to sewer in Tilden Street

_ Valyes on cast-iron dr:
8-inch gate. ..
6-inch gate___
. Floor drains with traps and strainer cove:

. Heating (radiation surface and piping only: ), Square foot_. .-
from central heating plant).

. Electric wiring (lighting and convenience

only):

Lighting Outlet__ s
Convenience outlet 0

. Steam and electric lines from power house | 10, 000, 00

o WV 8 onnections: |

‘Water and gas ¢ 0 1, 250,00

6-inch water meter 350. 00
Two 8-inch valves, = 90. 00
Gas connection 200. 00
. Crane and rails (two only at present) | 2, 800. 00
. Elevator (shaft only provided). |
. Projected pediments for outside trim.__ ... 1y 900. 00
. Borings (already made) 500. 00
. Propeller pump discharge pipe (riveted steel) 3 5 405. 00

Subtotal (subcontractor) ‘ 123, 017. 00
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Estimate of quantities and cost for consiructing national hydraulic laboratory at
Bureau of Standards, Washington, D. C.—Continued

SUMMARY

Estimated

| Quantity Unit cost| ¢5va) cost

General contractor $128, 111. 00
134 per cent tools and supplies._ 1, 920. 00
Cleaning 3, 3 e 1, 899. 00
2 per cent liability insurance- - 2, 560. 00«
5 per cent general expense 6, 400. 00
Special protection ; . 0025 158. 00

141, 048. 00

Subcontractor 123, 017. 00
Engineering department - 2, 500. 00
Construction department 2, 800. 00
Accounting department 2, 800. 00
Installation 3, 000. 00
Plant rental—

Cubic yards... & 2, 620. 00

Thousand 170. 00

136, 907. 00

General contractor $141, 048
Subcontractor -- 136,907
Contractor’s bond (134 per cent of $277,955) - - -

Architect’s fee

Grand total for building and fixed apparatus

The above estimate of $289,480 covers everything in the line of building and
foundations and fixed equipment needed for greatly expanding the scale of experi-
mentation as to discharges of from 500 to 600 cubic feet per second as proposed in
the hearings before Congress; also, for researches on scale effect, etc., and funda-
mental research to meet practical requirements for many years to come.

It includes a large supply basin, a large forebay, a large experiment flume, and
a large measuring basin sufficient for all future needs of this laboratory, which for
economy and efficiency must be incorporated in the foundations of the original
structure

In addition, it provides abundant clear floor space for research work by means
of a wide variety of temporary set-ups, using volumes of water seldom exceeding
5 to 10 cubic feet per second, but permitting the use of quantities up to or greater
than 100 cubic feet per second, for this purpose, if desired.

Provision is made for installation now, or at any future time, of a large propeller-
type pump, so arranged as to permit fundamental research on cavitation and tur-
bulence, in the pump itself, as well as supplying the need of a large quantity
(250 to 300 cubic feet per second) of water for miscellaneous research work in the
large flume, or in the return flume, or in apparatus temporarily set up in either of
1sa,icg1 flumes, the floors of which provide a substantial support for very heavy floor
oads.

Estimate of cost of semifived equipment and apparatus mecessary to make the
national hydraulic laboratory operative upon completion of the building.

None of the following items have been included in the above estimate, which
purports to cover only the building, foundations, and fixed equipment.

1. Skimmer weir for 40-foot diameter steel forebay. The final design
should preferably be based on experiments made on a small scale
model of one-eighth to one-fourth full-size linear dimensions.
Present designs (Dec. 30, 1930) show that this skimmer weir and
down spout, with necessary counterbalancing water tanks for
compensating excesssive buoyancy, will weigh approximately
20.5 tons. A small, local structural steel company has submitted a
bid of $5,500 for supplying this skimmer weir, complete; to this
should be added, say, $500 for installation, making its total cost,
in place

2. Hoisting tackle for skimmer weir; 30-ton capacity, endless, screw-
drum winch, with 6-part wire-rope hoist
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3. Glass panels in main flume and return flume

. Stilling plates (included in cost of steel forebay).

. Pivot-knife gate at discharge end of main flume—hand operated at
first for small quantities of water; equipment for compressed-air
operation for large quantities can be installed at any desired future
time at a cost probably not exceeding $1,500

. Venturi meter 6 by 3 feet throat Defer installation. The intake and
outlet cections should be installed now. These consist of steel
plate sections embedded in concrete and flanged to permit future
attachment of the Venturi meter—3 tons, at $120

. Tilting river flume. Make flanged connection to steel forebay at
this time and defer piping. One 4-foot diameter saddle and
flange with cover plate is included in cost of piping.

8. Miscellaneous small flumes:
One glass-walled flume about 3 feet deep and 1.5 feet wide by
about 50 feet long (demountable)
Constant-head tank and weir box for above flume (portable)_ _
9. Miscellaneous small apparatus, gages, etc., over and above that
already possessed by the Bureau of Standards
10. Electrical equipment, transformers, ete., sufficient to provide light-
ing and furnish power to all small pumps
. Piping, valves, etc., necessary to make laboratory operative for
fully 90 per cent of all contemplated work for the next two years..
. Centrifugal pumps (motors and complete equipment) :
One 25 cubic foot per second, capacity $3, 000
One 20 cubie foot per second (for measuring basin) ____ 2, 500
One 10 cubic foot per second
Two 5 cubic foot per second
One 3 cubic foot per second
One 2 cubic foot per second
Plus installation and connection (25 per cent)________.

. One 250 cubic foot per second adjustable-blade propeller pump
(could be deferred a year or more) complete with motor thrust
bearing, etc

. Additional hoisting equipment:

For return flume, 2-ton block and trolley
For forebay gates, 2%-ton block and trolley

. Wooden forebay gates and stop logs

. Two portable constant-head tanks and weir boxes for miscella-
neous research set-ups handling not more than 5 cubic foot-
seconds

SUMMARY OF TOTAL ESTIMATE OF COST OF BUILDING AND EQUIPMENT

Building and fixed equipment $289, 480
Semifixed equipment and apparatus

349, 290

If necessary some savings could be made by deferring a part of the above
equipment for a year as follows:

Propeller pump $12, 000
Portable constant head tank
25 cubic foot per second centrifugal pump

Total savings thus possible

Bringing total necessary cost of entire laboratory buildings and equipment
ready for service to $233,290; thus leaving $16.710 to take care of any possible
contingeneies.




AppuNDIX No. 2 1o LETTER TO Dr. GEORGE K. BUrGESs, DIRECTOR

Comparison of essential features of J. R. Freencin’s study No. 4, as of February 14, 1931, with the Bureau of Standards’ design No. 11, as
modified up to February 4, 1931. (By John R. Freeman and A. C. Chick)

Size of building:
Dimensions— .
Head (east) portion

Narrow (west) portion

Contents— ’
Exclusive of measuring basin and supply basin_..-
Including measuring basin and supply basin._

Foundation area

Superstructure area.- - 3

Foundation area that serves no useful purpose for superstructu

Measuring basin: !

Surface area

Usable depth.

Capacity

Forebay ?

Pump supply basin:

Usable water depth

Usable volume.

Main flume;
Cross-section 3—

Maximum depth
Normal depth.
Esablelength . = 0e Lo silet

re

J. R. Freeman’s study No. 4, Feb. 14, 1931

103 feet 8 inches by 115 feet 8 inches_____

62 fest by'201 feet: 8 Inches ciaccn carc oot :

1,075,600 cubic feet
1,434,500 cubic feet
24,500 square feet_-
24,500 square feet- .

& 81,600 cubic feet - .-

(Inside of building.) :
40-foot diameter; steel; 44 feet high above flume
floor.

8,840 square feet

14 to 16 feet

124,000 to 140,000 cubic feet

(Inside building.)

Bureau of Standards’ design No. IT, Feb. 4, 1931

81 feet by 92 feet 6 inches, plus supply basin ex-
tension, 40 feet by 85 feet 6 inches.

61 feet by 203 feet 6 inches, plus measuring basin
extension, 45 feet 6 inches by 62 feet.

1,026,950 cubic feet.
1,302,550 cubic feet.
26,150 square feet.
19,920 square feet.
6,230 square feet.

2,540 square feet.
2 fee

-] 12 f

30,480 cubic feef.
(Outside of building.)
26 by 27 feet square; concrete; 25 feet high above
flume floor.

{High level
Low level

4, 935 square feet.
5,000 square feet

9, 935 square feet.

{High level
Low level

-44, 400 cubic feet.
35,000 cubic feet.==

79, 400 cubic feet.

{High level
Low level

12 feet.
Do.
Do.

213 feet.
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Return flume: 4

Cross-section—
Width__.. -| 6 feet.
t.

Depth. . 13 feet.
Usable length 2, et Bt ouss 168 feet.
High level return flume 5. __ None; 36-inch pipe used instead as more eco- | 6 feet wide by 13 feet deep. (Not needed.)
nomical of space and more convenient. -
Permanent Venturi meters 6. None; or can be one 6 by 3 feet with capacity of | Two; One 8 by 4 feet, with capacity of 300 cubic
175 cubic feet per second; or one 8 by 4 feet, with feet per second. One 3 by 1m feet, with capac-
k capacity of 300 cubic feet per second. ity of 45 cubic feet per second.
Auxiliary second floor 7 Feasible and inexpensive__ - --| None.8
Third floor. Useful area: Single area 45 by 78 feet unobstructed.
Concrete 9.~ Poured gypsum on sheet rock.10
3 timber gates 12 7 metal gates.13
Skimmer weir__. Single unit 14___ 4 units.1%
Length of overflow crest 2,200 linear feet____- 1,600 linear feet. -
‘Water-supply line for miscellaneous set ups. - 30-inch diameter 16_ _| 30 and 20-inch.1” (Single pipe line.)
Weigh tanks None in beginning 18 2 tanks, each of 20 tons, or about 640 cubic feet,
capacity.
Basement story 18 feet rlear height 19 14 feet clear height.
Total floor area_. 3,940 square feet____ 6,125 square feet.
Useful clear area_ - 2,800 square feet_--- -} 3,330 square feet.

1 Measuring basin of Bureau design is entirely outside the building proper. - It must therefore be covered with a roof (or floor) which will serve no other useful purpose. No
portion of the north, south, or west walls of the Bureau design for measuring basin is so located as to serve as foundation walls of the proposed future extension of the laboratory in
that direction. The proposed future enlarging of the Bureau measuring basin is not a feasible thing to do, because of extreme difficulty of making new concrete joints water-tight
where new walls and floor join the old structure. .

2 Bureau’s concrete forebay is subject to serious cracking and consequent leakage. It is more expensive to construct than the steel cylinder. It also is not as adaptable as the
circular steel forebay to the many demands for attaching pipes for supplying water to experimental set-ups or for attaching pump discharge pipes. .

3 The purpose of the large cross-section of the Freeman flume is to give convenient space and ‘“elbow room’ for fundamental research on large depths on many forms of weirs,
dams, baffle piers, and Venturi meters, under both normal and disturbed or turbulent flow.

4 The greater depth of the Bureau return flume makes the use of this flume for experimental purposes more difficult and inaccessible. v

5 The Bureau’s high-level return flume is a needless expense. It’s primary purpose is to return water to the supply basin from small experiments using not over 40 or 50 cubic
feet per second. A. pipe line 36 inches in diameter would serve equally well. The inclusion of this high-level return flume in the Bureau design requires that this portion of the
laboratory building be about 8 feet wider than would otherwise be necessary. The space thus involved above the first floor (8 feet wide by 31 feet high by 203 feet long) (50,400
cubic feet and costing probably upward of $5,000) is of little, if any, practical use.

6 For water measurement purposes this is less accurate and precise over a wider range than the measuring basin or special forms of weir. .

7 Phe second floor in J. R. Freeman’s study No. 4 for the entire length of the narrow portion of the building and north of the central building columns, can be inexpensively
extended to the south edge of the main flume wherever desired, for increased width (as for a crooked river flume) supported on steel columns 20 feet apart, so arranged as not to
interfere materially with the operation of the main flume. Bracket supports can be provided on the columns along the north side of the building so that, to any extent desired,
second floor area over the main flume can be extended by removable flooring.

8 Extension of second floor to south edge of main flume has been considered.

9 Useful for floor load of 50 pounds per square foot over entire area and is available for experiments on roof.

10 Not durable and not strong; can not be used for out-of-door experiments on roof. .

12 Timber gates are much more practical, durable, and cheap; more convenient for attachments. Similar timber gates are in almost universal use for 50 years past in the large
water-power developments in New England. Mr. Freeman has designed many, such timber gates which have been long in successful use.

13 Bxpensive and cumbrous.

14 Less costly; more readily and easily adjusted with precision.

15 Cumbrous; difficult of precise adjustment.

16 Serves 2 floors.

17 Serves 1 floor.

18 Space is provided for adding these tanks in future if desired.

19 Great height desirable for photographic records,

TTVNOILVN
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Compamson of essential features of J. R. Freeman's study No. 4, as of February 14, 1981, with the Bureau of Standards’

modzﬁed wp to February 4, 1931— Continued

design No. I1, as

First story (clear height)
Total area (within walls)_..

Floor area, exclusive of Iorebay, main flume, and open-top return flume
Space used for offices, elevator, and stairs____._________

Useful clear floor space for upernnent purposes
Second story (clear height)
Total area (within building walls)
Total floor area exclusive of forebay and lugh walls
Total office space plus toilets, elwator, and stairwa
Useful clear floor space, for experiment purp!
Third story (clear height)
"Total area (w1Lhm building Lllb),
Total area in office space, elevator,
Useful clear floor space for exper unvnt, purpoaes
Summary of useful clear floor s e for experiment s
Basement.__
First story. .
Second story
Third story
Motals ==t
Foundations 20 _

Propeller pump
Centrifugal pumps:
Large size %

Small pumps—
For unwatering measuring basin

For supplying small experiments__._____.______._

For supplying self-contained constant-head units ... .. ________

18 feet 19
23,700 square feet
15,900 square feet__

1(5,55() square feetf,
2,410 square feet_
15 300 square feet

2,800 square feet
12,100 square feet
13,300 square fe

28,200 square feet

10 cubic foot-seconds

25 cubic foot-seconds
5 cubic foot-seconds_

3 cubic foot-seconds.

5 cubie foot-seconds_
2 cubic foot-seconds

To sound undisturbed decomposed rock,
. that for all present buildings at Bureau of )
Standards, except new power house.2

20 cupic foot-seconds. - - ~--wccsconisiaaan

J. R. Freeman’s study No. 4, Feb. 14, 1931

Bureau of Standards’ design No. II, Feb. 4, 1931

like~

250 cubie feet per second; no suction lift 22________
200 cubic foot-seconds (future)..___.__.__________| l

16 feet.

18,870 square feet.
13,000 square feet.
1,250 square feet.
9,250 square feet.
14.5 feet.

18,870 square feet.
11,720 square feet.
1,240 square fect.
8,360 square feet.
11 feet. ==

7,000 square feet.
1,240 square feet.
5,100 square fect.

3,330 square feet.

9,250 square feet.

8,360 square feet.

5,100 square fee L.

26,040 square fee

Carried much dwper to so-called “firm’ roek.

None.

Hllﬁ cubie foot-seconds (future?).

75 cubic foot-seconds (future?).

75 cubic foot-seconds.
(Submerged.)

20 cubic foot-seconds.

5 cubic foot-seconds.

—
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GENERAL SPECIFICATIONS Covering DESIGN of STRUCTURAL STEEL
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7Y . —All structural steel beams are designed on basis of finished concrete surface not more than “2in. out of
16,000 'b%/sq.in. maximum extreme fiber stress under total alignment in length of flume, and not more than Y8in.
dead plus assumed live loads out of alignment in any length of l0feet.

2.— All steel columns are designed to withstand eccentric loads 9— Base of all wall footinds are horizontally reinforced
from floor beams, cranes, etc., with maximum fibre stress not for spreadiné the load over the decomposed rock
e-ceednng 16,000 Ibs/5q.in.

10— All concrete foundation walls are diadonally
3 — All concrete structurers are designed on basis of 700 Ibs/sqin reinforced in vertical plane to dive added dirder
maximum Compressive Stress. strendth for distributing load over decomposed rock.

EXPERIMENT

The accompanying Estimate of Cost, based on

| i [ plus assumed live loads. detailed desi‘gn,.is made up From.present scale of

[ | W T contract prices, in conference with the Turner

¢0°'5 — For resisting shrinkade and temperature stresses, not Construction Co. of Philadelphia and Charles T.

N less than 0.5 of one percent (ratio of steel to concrete, Main Inc., of Boston with the understand.‘ng that
by cross-sectional area) of reinforcing steel has been the Turner Construction Co. would be ready to
provided in all cases where walls must retain water. submit a lump sSum bid for the entire structure|

at price corresponding.

|

[

|

|

|

e B ‘ !

| | | il 4 4 — All concrete reinforcement steel is designed for a

‘ i maximum tensile stress of 16,000 lbs/sq in. for resisting dead

I
EXPERIMENT | Room,

o EL290 = I | 1551 [11{]IHll_Er2e £ _d ~ & — For all important concrete work, such as basin walls
| { | and floors, flume walls and floors, etc. a mixture in NOTE: That due to present industrial depressiow
proportion 1:1%2:3 (cement: sand: aggreqdate) or exceptionally low current bids are beind made by
equivalent, shall be used. larde contracting concerns desirous of retaining
their organization adainst better times.

_— A | | 7 — All concrete materials to be carefully draded and

| thoroudhly mixed, not less than I%2 minutes per. batch,and well
tamped and vibrated into place to give a dense, impervious
concrete as nearly water-proof as practicable.

£l. 270

Sidewalk

8 — Form work to be of extra quality, securely braced to dive
smooth even surfaces of concrete. STUDY NO. 4

e T Rt S
4 Rk . —TRANSVERSE SECTION THRU EAST END OF BUILDING y Sl . .
LRt Forms for interior walls of Measurind Basin to be of NATIONAL HYDRAULIC LABORATORY

~pacemposed R planed lumber and rididly held in place to prevent
distortion so that finished concrete wall surface shatl AT U.S. BUREAU OF STANDARDS

not be more than 34 in out of alignment in a lendth of By JowN R. FREEMAN, C.E.
100 ft. and not more than Y8in out of alignment in a length A.C.Chick, Ass'r. P
of 10 feet. PR NI,
Forms for interior walls of Main and Return Flumes TRACED BY:- L. Scare:-Y8'=1%0"

shall be steel, nigidly supported and braced to dive FEBRUARY 14, 193) SueeT N2 @

Decomposg

e
RSTRST Apparenty
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==~ Max.Flow 500cfs
—~—— %

7703 Rad. ¥

2
%
{ Proposed New Standard Type

R

“SET-UP" FOR WEIR RESEARCH

T e 2 7

E
é

40-Fr. DIA., STeEL ForEBAY
—.

£Top of Main Flume Wall, E1.306

_—Water Level, £1.305

"SET-UP" FOR STANDARD SHARP-CREST WEIR RESEARCHES

/
N

MAIN FLUME : Sl 11715 2% Verkturt Meber
\ 6'x3' " “
also 6'x 4'

-
P

[Discharge Opening
-
L Sano Tear

>

=

This |mgth "”.m - pipe can \
varied as desired, to study effect of

k—‘l'd‘-*ﬁ !
Removable Wall Section 14'long by 3'hi
ordinarily closed by Iron Plates
backed by stop-logs.

elbows and current straightening = ===
measurement.

device on Venturi Meter

rr?.- ——————]

412 1

/
NE

RETURN FLUME

\

- - -

R s

4’ Valve & Supply Line
for 100c.f.s. flow.

> RIVER AN® SLOPING CHANNEL

. (Mai| Secticns 'wide x 20’ I

20-0"——=

L
* A

These experiments to determine ILLUSTRATIO OF FIRST
ibilities of high atmospheric lift,

beyond 10 or I12 ft. over crest of
siphon, to be preceded by experiments
on small models in other flumes for
determining best shape, also
coefficient of discharge.

Outside face of siphon composed
of Steel Plate reinforced by channe
ribs bolted together

JUMP, OPEN CHANNELS OF VARIOUS SHAPES & SLOPI

Pipe connecting top of siphon
with space under splash plate
to aid in exhaust of air.

For experiments on Hydraulic
Jump with lower heads, this
3’x15’' passage can be used to

deliver water from the 7

X —Entrance to siphon to be made
wide and convergent, to give low
intake velocity and smail
velocity head.

. e |
‘///// A

NOTE: Discharge of siphon for
height of 12 ft. = 12in's wide (=12
square feet) at 35 ft.per sec.
velocity equals 350 cu. ft. per sec.

Full Atmospheric Head(33.8"
N

Water emitting from this narrow
siphon will spread rapidly to full
width of flume and flow along at ¥
about 2.5 feet depth or less, o ™o
Measuring Basin or Return
Flume.

SESTETTEUSEORTY

=

St

o

Gates Closed

Ty

\ A
N

S

“SET-UP" FOR SIPHON SPILLWAY TESTS

TORY FOR FUNDAMEN
SHOWING POSSIBLE ARRANGEMENTS FOR EXPERIMENTS ON WEIRS, ORIFICES, HYDRAULIC

= g

AL RE

ES, SIPHON SPILLWAY, ETC.

s
S
-

\’/
-~ 1
i
i Eg
12

-
-

S—
-
-~

>
Al
£ / >*"" River-FLume . Foreay-
Pl / This closed-top stee! forebay
il e J  permits attachment of 8'wide Flume
at any elevation, so that slope of
flume may be varied from 0 to5%.

£Z=r
|
1
1
}

\,
\

27\

N

7%

S

////}//‘,}}}\)/))//////WW T,
Z Z TGP
v s %

Y

Gate Closed

SRR

TRACED BY:~-FAR
Fesruary 14,1931

STUDY NO. 4

NATIONAL HYDRAULIC LABORATORY

AT U.S. BUREAU OF STANDARDS
uibam ~ IRy

By Jown R. FReEMaAN, C.E.
A.C.CHick, Ass't Ene'm.

ScaLe:- Y8"=1%0"

SHEET N2 )

42509—S. Doc. 308, 71-3. (Facep.15.) No.8




”°“_k xube

3
orel ke
‘xe Yo s @e®
v e o . 5‘1\ onfic® eroe®

(18” “Cat-walk” with hand-rail along wall - xa
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\00f .
ane ‘0‘ wot!

-

%8,
%, Space _over MAIN _FLUME

( —_— it - —

2,

40-Fr. DiAM,

@~

([T}

Open Space
for Hoistin

s Return Flow under Flume
Large Modelsf- J Demountable Glass Walled Flume— 5 C.F.5. Capaci :
H2'wide x 3'deep Hx 45"Iond
ischarges thru_Pipe

e v, Demountable 4’x4’ Glass-walled Flume of any desired usable length upto 200 feet

STEEL FOREBAY

}4’-wide Walkway alond Main Flume %,

2,

‘“
J}HALF SPAcE oveER RETURN FLUME *

Supply from Constant-
L head, Circular Forebay.
: Model for Study of —Control Valve
TIDE-WAVE PROGRESS
;}Lwe d“":e‘,‘.\ N\E IN LONG O8STRUCTED C.ANNELS Portable Constant-head
R AT \ B ) N v:|  (For use of U.5.Coast Survey) ; Supply & Weir Tgn,k)
w e S Ak , 2 ////—\\// \ Corfable Discharge Control Section Transiti Secﬁon\‘
Portable e/"“sfant“:'“d : / i - ) 2 \ N\\//4 e
Supply & Weir Tan =
TrPicAL ESTURARY MODEL A CN o ?f*ﬂbleéfw"a;*'@
For Study of Controlled Tidal Scour PPy ir Ten

L O s S, NV S N0 N SR\ S— NN SRR

Plunger-type Tide simulating apparatus, driven by Luna -Flow Capacity up to_50 cu. ft per _sec.
gear train_to dive change of tide every 90 seconds . P

!

sk

Demountable, Glass-walled Flume -up to S cfs. Capacity
Flume 2‘wide by 3'deep, of any desired length
up to 55 f:e ,0r more.

~B8'x12” -
Removable
Floor

o

e

H
Scale=1:200

Section T

ischa
Contro

i

Open Fairwg
& ls}' ——

ILLUSTRATION oF USE or SECOND STORY ror TEMPORARY “SET-UPS”
SHOWING A HALF-DOZEN RESEARCHES of ORDINARY TYPE N PROGRESS SIMULTANEOUSLY
wiTH OPEN FLOOR SPACE AVAILABLE For SEVERAL MORE RESEARCHES

STUDY NO. 4
NATIONAL HYDRAULIC LABORATORY
AT U.S. BUREAU OF STANDARDS
——

BY JoWn R. FReEgMaN, C.E.
A.C.CHick, Ass’t Encr.

. e -
TRACED BY:- SCALE:- /8"=1-0"

FEBRUARY 14,193 Sweer Ne (2)
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< Piste.

-

™
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S ve —i

p~Andle Iron Frame

Arra to Support
Pump & Motor so that
Tank, Pump, Motor, and

all can ‘be picked up
and moved by Overhead
Crane

':_f Floor Line 3y

il s

4'-6"

4 Plate uwsed on
this cross partition calp

Water Level,
S——

Weight of Pump & Motor =Less thmm;

I
U
L\

Pump Suction Reservoir

9"™13-9" Channel Suppert

PortasLE Constant Heap Tanx , Measuring WEIR Box , Water SupPLy TanK

All bobe constructed of Welded Steel Plate, properly stiffened with anglei
-Weight, without pump and motor = 2.5 Tons.

LONGITUDINAL SECTION

CROSS-SECTION I-I

(1) Experiments for determining coefficients

with extremely turpid water;

(2) Experiments with Salt Water;
(3) Experiments with water at extreme

3.9
i
i
i

is Space can be veried
t will to accomodate any

|

Thi

reens

. Screens

3ty

Ir‘l

reens if
Screens
reens

h

|
illis

Dedree

Pivot Gatey

g
r\
Stilling | Sc

Stilli

= = = =

9

ngu

Fine Mesh
ustable Btilli

l- Tria

N
OR ANY OTHER TYPE

temperature,

can be made with this independen" portable
apparatus without disturbing conditions

n forebay and large basins

CROSS-SECTION H-IL

STUDY NO. 4

NATIONAL HYDRAULIC LABORATORY
AT U.S. BUREAU OF - STANDARDS
——

By Joun R. Freeman, C.E.
A.C.Cuick, Ass'r Enc’r.

Traceo 8y:-ECA. Scave:- 1" =1%0"
Fesnuary 14,1931 suesr Ne (0
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This skimmer weir, with §reat len$ths of overflow
crest, is of great importance as a means of maintainin:
constant head with great precision, A sli€ht excess of
water will be pumped and wasted over skimmer weir.

£Ou
fastened to bottom.
~ andles of water tank

272 Dia Eyebolt

Good for 50 Ton:

20'Rad —

.

AP

4.

s Lift

. A"Steel Plate

) . wow
3x4x %" Andle
]

Q2
o ¢ | "
) i
e 5 8
it > Fle < coﬁvvne‘( & Il
T %3 e
H S e
ooy 2205 b“(\"‘
Oooe o Q\’
(.ge,(\e‘; g
ELEVATION OF x° 4°

gt

LONGEST BRANCH TROUGH

-
ELEVATION OF
SHORTEST BRANCH TROUGH

Scale: lin.=Ift.

le

—3
=
bl

—8-2"¢ Steel
Rod Struts—_

'\Branch Troughs

S \!
> PO R
= o o <
> i
5 = W e VS
o (%O & ~
GO RS . 3
bb;, (5

<
° Counter sunk
Rivets ——

/
/
g |

!()rd\nary Type
Hydraulic Packing

Clearance /4 —st<

«——— 5-0"D1a ———>
Steel Pipe

Maximum uniform outside
pressure at bottom of

2096 Ft. Crest Lendth in Branch Troughs tank about 225Lbs/5q.in

128 Ft Crest Length in Main Arms

5ft. Qutside Dia
Skimmer Wier

3%3 32& ™,
Tie Andles every 3ft. a2 Andle:
2 bolted on, ¥ LS
[ :T
344 Andles = n
o
‘e > o
& - 7%
18— 5 3:45% Andles
/ 7 EXTREME OUTER END
o 7 OF MAIN ARM
®
a
£

34" 72" Angles

DISCHARGE END OF
MAIN ARM TROUGH

fg 12" =1" Board Walk

:

=t
o

=l
«/

Angle

6

2% 2% » %

PLAN OF WATER TANK

2%"x 2% x e Andle~
] Al
Y8" Steel Plate
‘o

.2.'),(4
~—Baffle

e 1~6"—

le

2%Ye £

.
¥,

/

2ndrKe £

-

e e e

” " -
2% 2%« Andle

2%

-|2'+:

FULL SIZE DETAIL oF LARGEST

BRANCH TROUGH

An increase in pumpage over flume dischar e, of Y in= f A e Down| Pipe - | =

25 cu. ft per. sec., would increase height only aéout ucale Al ! t 2224 Ft. Total Usable Crest Length l r‘_\ z / ™ _L__ -%:

O'?&goco? e b el scha\"?ed with depth of 0.6feet PLAN Aproximate Weight of Skimmer Weir Lomplete — 11.0Tons !_, 2"x2"x %6 Andles 13- “ ,_l 2%2% Yo' Ar\élej

] : 3 o i = e STUDY NoO. 4

and a maximum of 500 c.f.s. could flow over skimmer Aproximate Weight of 5ft. Down Pipe
A ate Weight of C ensating Water Tanks a——-1.3.5 | F W, ‘AN

weiwr with a depth of only about 0.15 ft. Ui &gAp:ox.r:matPe Tctalénght Complete ="20.5 Tons s ELEVQZLO': la‘lflATER e NATIONAL HYDRAULIC LABORATORY

SRl AT U.5. BUREAU OF STANDARDS
Aproximate Flotation of Skimmer Weir when to point (Eiéht of these) —_——
of admitting over weir crests. = 31.2 Tons By Jown R. FREEMAN, C.E.
A.C A
Excess Flotation over weight of Skimmer Weir = 10.7 Tons Chicp s by
which must be compensated for by partiall TION & - Va'=1%0"
filling water tanks for this purpuseysupporteyd VERTICAL SEC STU DY FOR DES |GN OF SK' M M ER WEIR Traceo By:-E.C.A. ScaLe:- ¥8"=1%0
on outer ends of main arms of Skimmer Weir. Scale lin.=Ift. FOR 40-FT. Dia. FOREBAY FEBRUARY 14,1931 Sueer N2 @
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forebay Tank E

"

S

| Zper ft. Height

* From £1.286.5 to Top of Tank *

chor Bar e

.8 1"¥Anchor Bolts - -%: . : Pl 1222
S EL315.5~4 A
R e e | ; EL 3175,

| 1 An

24"« 14 Tie_Plate
for 375,000 *

odoa Bl 2o 0 BSQ

daie : % '. 9 " len » 1
24"1'% Tie Plate - . passage 15 ft. wide* 34t high : - ‘ 39-1"% Rivets’
+ P water Pas - |

a
2-181" Continuous Plates

o v
s E\siézﬁn-fle_\ —L Top of Gate Guides EI.3105

Outline of Concrete~y

twood Filling Blocks % Cover Plate

to"Streamline” the
Dischafge Around
Pier

. . ﬂ."r- “
: &‘ji 4x4x%" Angle
ol

=]

Web

1“continuous

.
\
2Anchor Bars per. ft. of Height| 1

$

Section at £l 309.0

*.Section at El. 300
Guide

Continuous

| 24"%" Tie Plate
for 375000

bt

Plate

S
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i
46% |

39-#Rivets’

=
77

e}

X _i"Brdnze Bearin

-1%8" Plates
cFanAARe s YA
A2-646% X Andles|
y2x5"Plate
~

£

1%4'x 58° Plate

-
-

Openings

’

er foot of H

Bottom of Main Flumey El. 28005
o > SRR SRS —Pier

F Al

At

1" Bronze Bearing Plate _
_¢El 2890

_F1.2885y
R
12-207 Channel

$

/
g

Section at E1.291.0

Section at EI. 291.0
Bars

S e

30

Bronze Bearin
Plate

0-07] to Center of Steel Tark _

3 Anchor

8

LE1. 28504 ¢Stillng Plates
fe.

~G6
™\12-207" Channel
v

ickness of Forebay Pla

i

N'$ Anchor Bars replace Rivets!

T

eel forebay4o,

Ty PP
B, - 2-1%18" Plates. - 12-65 C.H.Col.
1"Anchor-Boltsy .« - Bl Carried from EI.29150 to
- : Top of Tank
.~ 3per. foot of height at £1.289.0 -

3
A

/

05 | (Bottom of forebay A
v £i2720, ] § | o
s e o

Ny

%2 Continuous_Tie-Plate from
El 286:5 to Top of Tank.

Plate

Shell of

Ba e -1'
T

e
PR AN e

5 0 fmmn i
STUDY NO. 4

| NATIONAL HYDRAULIC LABORATORY
Bottomj of Steel Forgbay —y AT U.S. BUREAU OF STANDARDS
e

Fl ¢ X . e A <, ELEVATION LOOKING UPSTREAM By JoHN R. FREEMAN, C.E.
floor confinugus over foolinds ~: . L2700y S SR 7 T : S SHOWING STEEL TIES AT OUTLET OF STEEL FOREBAY A.C.Cuick, Ass'T ENGR.

HORIZONTAL SECTIONS & R Rl 1 e U T _ S ooy PR ¢ o V1o
; I e YESES G il h DETAILS OF FOREBAY GATE OPENINGS e

7777 Feoruary 14,1931 sueer Ne (1)
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7 7
VERTICAL SECTION AIN FLUME
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These Angle Sections
to be made up for. 15730°& 4
or any other angle,and any
radius of curature desired.

Standard Section 20 foot long

it

A W

A
[ 0
v
2
a
w
0
[
n
4
Sn
é \&
ty Pvib
" B &
le—— 4"x 3”2 V4 Angle — PP\ =" Q0
3 s ok
= i
\ ™ oA
Y ol
\ ¢ /4 - Bottom Plate
—7 & TR AAAANANARALALASRLARARAAAY Y
| 7 % A / 2
s
Filler Piece- S

4"«3"x4s’ Anéle Ribs
2-6" Apart

R

i
t«—Alternate bottom ribs cut off at this paint
|

] I

DETAIL OF CONNECTION AT B
Scale Full Size

Fill between ends of plates 37
with plastic cement putty—: G
NN

|
See Detail B,

1 r'/austeel Plate of Sides & Bottom
TS S5 of Flume

N\ it et LR
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e
N |
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4 2. o‘& D
A& e > 72 Bolt
\ Q\% ’b\’ pe 474
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DETAIL OF CONNECTIONS AT A-A
Scale Full Size

outlet end use
blocking and weddes
instead of andle Iegsl

—Standard Section 20°Q"long

for 100" nearest

Scale: 110
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STUDY FOR DESIGN OF B8FT WIDE SLOPING FLUME

For Many Experiments This Flume Will Lay on Floor.

N

¥ Drill columns for 1" bolt
holes after a precise
adjustment to standard ~|

slopes of %%, 1%, 2%, 3%,4%, i

5%4'x% Angle ~HO*H-Col
Bracket for
supporting steel
flume along side
central columns
of building-

DETAIL OF BRACKET SUPPORT
ON CENTRAL BLDG. COLUMNS

Scale: 110!

Yoke Valve operated

40 FT DIA. STEEL FORE§A¥\
from floor above

AN

Max. Discharde

]
)

}
Depth for
3.02=
(0.938

R=| R=I

Study N23 comprised 27 large sheets of outlines and j
construction details, drawn up for purpose of accurately
estimating cost, many of which were not changed for this

Those drawings comprising details of structural
steel, reinforced concrete and various minor details of
construction, are not reproduced in this set of I3 sheets
comprising J.R.F. Study No.4

STUDY NO.4
NATIONAL HYDRAULIC LABORATORY
AT U.S. BUREAU OF STANDARDS
Gl

BY JouN R. FREEMAN, C.E.
A.C.CHick, AsgT Enc'r

TRACED BY:~R.B. ScALE:- As Snown

7
/4 3
/\ R =1 R=| R=’
AT In the above figures, the dimensions are in any units of lineal measure desired, i e inches, or feet etc
CLORSR In all of the above figures the MEAN HYDRAULIC RADIUS (R) is the same and R=l
FOREBAY This means that channels of the above shapes and sizes would all dive the same mean velocity of flow
SLOPING FLUME providing the slope was the same and constant and that the material of which the conduit was made was
. N ) the same in each case.according to formulas now in common use - which is highly improbable
Law] P The quantity discharged would,of course, vary according to the cross-sectional area of the stream
30+ / g ¥;
Wy g STUDY OF THE NEED OF'SHAPE FACTOR’FOR,FLOW IN CONDUITS
- £X5%
Angle Stiffeners ESTIMATING
for sides
2\ 5 al
12°Air + "]
Top of Steel Forebay EIL334 Vent Pipe § g
| L >»-
I
Roof E1328 T o 3% Angle B final Study N24.
,,,,,,, b Z | eners “for L
TTTIT bb” R
o Jh i = 1 I
extreme slope of 4% Closed | Toplll ovezf R { ‘
e & old
“Forebay [ o 00
for 8' wide ’H‘ 04“;(::(1 g 2% ‘ li
= 5 = F
Siaping |11 S ° : i ‘
Flumy M;p e o E L
T xS =%t T\\‘ s o3 r
Office Floor E13i45 (1] S i 4 &9 T |
S — HIEEA e & : | @ / |
; ' e < [ £ 0 L .
ez .
7
,;J FRONT ELEVATION OF VERTICAL SECTION
i FOREBAY THROUGH FOREBAY
STUDY FOR SUPPLY TO SLOPING FLUME o
Scale: 174-0

(IF LOCATED IN 2nd STORY ) May be located in Ist story
Scale: 140

FEBRUARY 14,193] SHeer N2 @‘
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| First floor: Supply from 40-foot diameter steel | First floor: Supply from concrete forebay through
forebay, through 30-inch supply line running 30 and 20 inch pipe line under the first floor.
length of building and available for supplying | Second floor: One large constant-head tank of
the second as well as the first story experi- 3 compartments for supplying 20, 10, and 10
ments.2* cubic feet per second, respectively.
Third floor: One small constant-head tank of 2
compartments for supplying up to 10 cubic
feet per second each.2

Facilities for small-scale experimental work: Constant-head supply tanks.___

2 Test pits very few, borings inconclusive. The term “firm”’ rock, as used by the Bureau staff in designating the character of the rock upon which they propose to rest the
foundations of the building, is misleading. This rock, classified as ““firm,” is a decomposed granite similar to the overlying decomposed material, but slightly harder, as indicated
by greater resistance to penetration by the drill. The two deep test pits were refilled before I had opportunity to personally examine the material in situ. I desired opportunity
to examine it in conference with Doctor White or other experts from the United States Geological Survey. I have conferred repeatedly with Doctor Stratton about foundation
conditions found at the present Bureau buildings built under his supervision, and have studied supposedly similar material at excavations in the vicinity. Samples, taken at the
elevation of this so-called ‘“firm” rock, after having been exposed to the atmosphere a few weeks, present only slightly different characteristics from the so-called decomposed rock
at 8 or 10 feet higher elevation. Samples from both elevations are readily crumbled in one’s fingers, and present a more or less granular appearance. In no case does it appear that
foundations as proposed by the Bureau staff, will reach really ““solid”’ rock that is not more or less decomposed. It appears from inspection of near-by quarries in this vicinity, and
information from engineers and architects acquainted with the material, that the underlying rock below the layer of decomposed material, is broken into relatively small, irregular
sharp-edged blocks with fault planes running in all directions. That these blocks of rock may besubject to movement along cracks and joint planes, is indicated by experiences at the
new power house. The Bureau’s plant engineer states that the power house is founded on this so-called “solid”’ rock, movement of which has already caused serious cracking of
the floors and walls near the east end of this building, such that he believes an overlying cushion of the decomposed rock gives better support. This decomposed rock is a rather
dense, closely packed material capable of supporting more than ordinary earth material. It is not subject to slippage. One should not be misled by a casual inspection of the
natural ground surface which is a clayey loam and quite slippery when moist. In view of the above conditions it seems logical and wise to keep the foundations on a cushioning
layer of the decomposed rock, and that any expense involved in carrying the foundation walls 10 to 15 feet deeper than the structure itself requires, is a needless waste of money that

is very urgently needed in the building and equipment. i !
21 The ground covered by the Bureau is shown by size of trees to be in the same state (free of dumped material) as when Bureau of Standards was established. The weight

removed by excavation to foundation bottom will be greater than that imposed by the new structures; therefore, no settlement is to be feared, if bottom course is properly placed.

Actual load on earth in nearly all places will be smaller than it has carried for perhaps thousands of years. The concrete foundation walls of J. R. Freeman design to be specially
reinforced for distributing loads. Concrete foundation walls contain a very large amount of reinforcing steel designed to cause them to act as strong girders in distributing the load.

22 Open access for research,

2 J. R. Freeman regards it highly desirable that the large centrifugal pump be so placed and so provided with windows for obser vations on cavitation and turbulence that it can add
important practical knowledge helpful to the theory and improvement of such pumps, and regards it extremely desirable that the detailed design of the large pumps be deferred
{r;; a year or more until researches can be made with small-model pumps, analogous to those made on models of ship propellers, which are resulting in great improvement in
efficiency.

2 It is proposed to provide several portable individual, self-contained, constant-head tanks and measuring weir boxes, with pump and supply reservoir combined. These units
can readily be moved by crane to any desired location. Constant-head tanks of a permanent nature can be provided at any time if it is found desirable, much the same as those
proposed in the Bureau design.

% It is understood that one or two of the individual constant-head units (self-contained and portable) as proposed by John R. Freeman, are being considered as desirable pieces
of equipment. One undesirable feature of the layout of permanent, constant-head tanks as proposed in the Bureau design is that when the units in the third story are being
used, one or more of the compartments of the second story constant-head tank are rendered more or less useless for experimental work because of the fact that they are used as
supply basins for the third floor pumps,
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16 NATIONAL HYDRAULIC LABORATORY

It seems plain to John R. Freeman, from inspection, that the Bu-
reau of Standards’ design No. 2 per plans of February 3, 1931, con-
tained so much more concrete and intricate form work, that it will be
more costly (possibly $50,000 in excess of John R. Freeman’s design
No. 4), and therefore that it will have to be cut greatly from plans
as sketched on February 3, thereby rendering the laboratory of the
Bureau’s design still more inferior in capacity for largescale funda-
mental research to the John R. Freeman design. -

Both of these deflectors are actvated
by handles not ‘shown.

MEASURING |Vafs
BASIN L] To ReETURN FLUME
DIAGRAMMATIC ILLUSTRATION OF THE

QUICK- SWINGING DIVERTING GATE
AT END OF MAIN FLUME
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